A sample of 250 mL of pond water was collected in triplicate using a sterile collection ladle 1 1 0 before being pooled into a sterile 1L Nalgene bottle (final volume 750 mL) at ten sampling 1 1 1 points per pond. Sampling points were separated between 20 and 100 m per pond. An 2008) to assess the sensitivity of the water volume to detect the target species in ponds. To 1 1 4 each 15 mL sample, 33 mL of absolute ethanol and 1.5 mL 3M sodium acetate were added; 1 1 5 tubes were kept upright on ice for transportation and subsequently stored at -20 o C until DNA 1 1 6 extraction. Ladles were decontaminated by thorough spraying with Virkon® followed by 1 1 7 rinsing three times with ultrapure water between study ponds to prevent potential DNA 1 1 8 carryover, resulting in false positives. Negative controls were taken at each pond for both 1 1 9 methods and before sampling and after decontamination of each ladle before sampling a new 1 2 0 pond. Environmental conditions, including water temperature, water depth and extent of 1 2 1 cover were recorded at each site (Table 1) . Trapping of TMG was attempted at three time points under permit EP/CW061-E-1 2 3 546/11141/02. In July 2017, five standard minnow traps (20 cm x 20 cm x 60 cm) were 1 2 4 placed by Natural Resources Wales at Ashpits pond at 1 m depth for seven days, 1 2 5 concentrating on the eastern side of the pond where TMG had been previously seen. Traps 1 2 6 were baited with fish pellets and checked daily. In February 2018, seine nets and ten standard 1 2 7 minnow traps baited with fish pellets and algal-based bait were placed evenly around Ashpits permit EP/CW061-E-546/12754/01, where ten standard minnow traps were placed around 1 3 1 two ponds (Ashpits and Morolwg) over a two-day period, baited with fish pellets and set at a 1 3 2 depth of 1 m and checked after 2 hours for Ashpits and after 24 hours for Morolwg. Seine netting was also carried out in Ashpits, Morolwg and Dyfatty ponds. In addition, eight larvae 1 3 4 (< 12 mm) were collected by hand-netting from Ashpits (n=5) and Morolwg (n=3) and 1 3 5 transported back to the university before being euthanised following Schedule 1 protocol of 1 3 6 overdose of 2-Phenoxyethanol. PparvaR 5'-CAGGCGAGGCTTATGTTTGC-3') were designed for TMG using NCBI 1 4 0
Primer-BLAST to amplify a 147 bp fragment of the 16S mtDNA gene and checked for cross- final elongation step of 72 o C for 10 min. All amplified PCR products were checked for the 1 4 7 correct amplicon size using a 2% agarose gel electrophoresis. Primers were tested in vitro for non-specific amplification against closely related species, 1 5 0 including common carp (Cyprinus carpio), silver rudd (Scardinius erythrophthalmus), 1 5 1 common bream (Abramis brama) and common roach (Rutilus rutilus), which are known to TMG to confirm the consistency of the qPCR product melting temperature. The annealing 1 5 7 temperature of Pparva16S primers was optimised at 61 o C and yielded an efficiency of 1 5 8 91.1%, R 2 = 0.981 ( Figure S1 ; Table S1 and S2). For optimisation, the Pparva16S-qPCR was 1 5 9 undertaken using SsoFast™ EvaGreen® Supermix (Bio-Rad, UK) and the cycling protocol 95 o C in 0.1 o C increments to assess the consistency of amplicon melt temperature (tm). The 1 6 3 limit of detection (LOD) and limit of quantification (LOQ) were determined through running 1 6 4 a dilution series ranging from 5 ng/µl to 5 x 10 -7 ng/µl, using a TMG DNA pool. HRM 1 6 5 analysis was conducted on 15 individuals from three different populations to account for any 1 6 6 degree of intraspecific variation in qPCR product melt temperature (tm). Samples of 750 mL of pooled water (3 x 250 mL at each sampling site) from each of the 1 7 0 study ponds were filtered the same day of collection through borosilicate glass fibre filters 1 7 1 (0.45 µM pore size; Whatman™, Sigma Aldrich, UK) using a vacuum pump (Cole Palmer, 1 7 2 UK). DNA filtration took place in a designated eDNA area in a laboratory where no previous filtering 750 mL of ultrapure water after decontamination of the apparatus to ensure that the 1 7 8 cleaning process had been effective. TMG DNA from filter papers was extracted using 1 7 9
Qiagen® DNeasy Blood and Tissue Kit (Qiagen, UK), following the Qiagen Blood Spot The 15 mL water samples were centrifuged at 6 o C for 45 minutes at 5000g (Ficetola et al. 200 -d(RFU)/dT were considered to be a positive result. qPCR reactions were carried out in 1 9 6 a separate room from the eDNA extractions room under a PCR hood with laminar flow. We 1 9 7 added a TMG positive control to each plate after all the eDNA samples had been loaded and 1 9 8 sealed to detect any false positives. As negative amplification controls we used HPLC water 1 9 9 which, along with extraction negative controls, were added to the same well location on each 2 0 0 plate to test for eDNA contamination. Field samples were also amplified in triplicate in end- amplified end-point PCR products were checked for the correct amplicon size using a 2% 2 1 0 agarose gel electrophoresis and were sequenced on an ABI Prism 377 sequencer to confirm 2 1 1 species identity. qPCR on 15 mL of water, and qPCR on 750 mL of water) and pond identity (n: 4 ponds). We 2 1 7 1 1 considered that topmouth gudgeon was present at a site if one of the three replicates tested 2 1 8 positive for that site. A quasibinomial log-link was used to correct for overdispersion. was between 26 and 38 cycles (Table S1 ) and the product melt temperature was consistent 2 2 6 across the entire dilution range (Table S2 ). In comparison, the primer sensitivity of end-point highlighting the greater sensitivity of qPCR, with Pparva16S primers producing a higher 2 3 0 yield of DNA based on band brightness ( Figure S2 ). Larval DNA sequencing and qPCR profiles confirmed that two larvae caught from Ashpits Table S3 ). Morolwg Pond (MP) yielded the highest proportion of sampling sites amplifying sampling sites (6/10; Table 2 ). The 15 mL water samples successfully detected TMG in three Detection success varied significantly depending on eDNA assay (deviance = 31.32, df = 2, P 2 4 9 <0.001) but not on pond identity (deviance = 3.36, df = 3, P =0.582l; Figure 3 ). Our novel 2 5 0 qPCR 750 mL eDNA assay detected the presence of TMG (31/40 or 77.5%) in a significantly 2 5 1 higher proportion of sites (t = 2.962, P = 0.016) than conventional PCR with the same water conventional end-point PCR, and 2.2 times more likely to detect its presence at a sampling 2 5 5 site when multiple samples are collected (Table S5 ). The application of our novel qPCR TMG assay detected the presence of TMG DNA at sites successful, it is possible that proximity to infected sites could have allowed fish to disperse 3 0 8 through interconnecting streams (Britton et al., 2008; Copp et al., 2010; Pinder et al., 2005) In summary, routine monitoring with the assay developed here can provide valuable data We would like to thank Gereint Mortimer (Afan Valley Angling Club) and Chris Lloyd for Higher Education Funding Council for Wales (HEFCW) through the Sêr Cymru National 
